Resonance Raman evidence for low-spin Fe2+ heme a3 in energized cytochrome c oxidase: implications for the inhibition of O2 reduction.
Resonance Raman (RR) spectra are reported for reduced submitochondrial particles (SMP) with excitation at 441.6 nm, where Raman bands of the cytochrome c oxidase heme a groups are selectively enhanced. Addition of ATP to energize the membranes induces the formation of a new band at 1644 cm-1 and partial loss of intensity in a band at 1567 cm-1. These changes are modeled by adding cyanide to reduced cytochrome c oxidase and are attributed to partial conversion of cytochrome (cyt) a3 from a high-spin to a low-spin state. This conversion is abolished by addition of excess oligomycin, an ATPase inhibitor, or FCCP, an uncoupler of proton translocation, and is reversed when the ATP is consumed. The observed spin-state conversion is attributed to the binding of an endogenous ligand to the cyt a3 Fe atom. This ligation is suggested to be induced by a local increase in pH and/or by a global conformation change associated with the generation of a transmembrane potential. Since O2 binding requires a vacant coordination site at cyt a3, the ligation of this site must retard O2 reduction and could thus provide a simple mechanism for energy-linked regulation of respiration. No changes in the RR spectrum were observed upon adding Ca2+ or H+ to reduced cytochrome c oxidase. The cyt a3 spin-state change associated with membrane energization is unrelated to the cyt a absorption red shift induced by adding Ca2+ or H+ to cytochrome c oxidase.